Abstract -Initiatives for the sustainable development of aquaculture have so far focused on the production of codes of conduct, of best management practices, of standards etc., most of which have been developed by international organisations, the industrial sector and non governmental organisations. They were, to a large extent, produced using a "top down" process and inspired by models from intensive industrial shrimp and sea fish farming (mainly salmon). However, most of global aquaculture production comes from small-and medium-sized farms, essentially in Asia which contributes 92% of the total world aquaculture production volume. The objective of this article is to define the contours of systemic typologies that are able to express the sustainability conditions of aquaculture systems. The proposed approach builds on surveys of aquaculture systems which differ in terms of their biogeographical nature (temperate/tropical and north/south countries) or their farming techniques and their governance systems. This work is a prerequisite to any attempt at an individualised and comparative evaluation of specific aquaculture systems from either global or territorial viewpoints. In order to go beyond the cleavage of a typology based on the differentiation between developed and developing countries, three typologies were produced. These typologies allow for discriminatory variables to be identified such as for example the marketing methods or the pace of innovation: a structural typology, a functional typology and a systemic typology. Finally, the representations of aquaculture activity and of its sustainability that producers have of the 4 different types that emerge from the systemic typology were recorded and analyzed. 187-198 (2010) ont largement été produits selon un processus de type « top down » et principalement inspirés par les modèles issus de l'aquaculture industrielle intensive de crevettes et de poissons marins (saumon principalement). Cependant, l'essentiel de la production de l'aquaculture mondiale provient d'exploitations de petite et moyenne taille, en Asie principalement qui contribue pour 92 % au volume total de la production aquacole mondiale. Cette étude vise précisément à définir les contours de typologies globales aptes à rendre compte des conditions de durabilité des systèmes piscicoles. La démarche proposée s'appuie sur des enquêtes réalisées sur des systèmes de production différenciés tant sur les plans de la biogéographie (pays tempérés et tropicaux, du nord et du sud) que des techniques d'élevage mises en oeuvre et des modes de gouvernance de ces systèmes. Ce travail constitue le préalable à toute tentative d'évaluation à la fois individualisée et comparative de la durabilité de systèmes aquacoles spécifiques tant sur les plans systémique que territorial. Afin de dépasser le clivage d'une typologie basée sur la différenciation entre pays développés et en développement, trois typologies ont été produites. Elles permettent l'identification de variables discriminantes telles que par exemple le mode de commercialisation de la production ou le rythme des innovations mises en oeuvre : une typologie structurelle, une typologie fonctionnelle et une typologie globale. Enfin, les représentations de l'activité piscicole et de la durabilité de celle-ci que se font les producteurs des 4 différents types ressortant de la typologie globale ont été recueillies et analysées.
Introduction
Aquaculture has been the fastest growing animal food production globally for the last 3 decades, with production (excluding aquatic plants) growing at an average compounded rate of 8.1% per year since 1981 (compared with 3.0% for terrestrial farmed meat production; FAO 2008a FAO , 2009 . Although the aquaculture sector has now reached the level of capture fisheries in terms of food fish supply, it has not been without its problems and criticisms. The specific issues which have been raised by common critiques of aquaculture to highlight perceived unsustainable aquaculture practices and the potential negative impacts concern mainly (Tacon et al. 2010 ): 1) environmental issues such as mangrove destruction and habitat loss (Stickney and Mc Vey 2002) , pollution of the aquatic environment (Tett 2008) , escapes and genetic interactions with wild fish populations (Svasand et al. 2007; Chevassus-auLouis and Lazard 2009 ), use of non native species (Lazard and Lévêque 2009) , use of fish meal and fish oil as major feed inputs (Naylor et al. 2000; Tacon and Metian 2008) ; 2) social and economic issues such as livelihood impacts and reduced access to community resources (Ronnback et al. 2002) , displacement of coastal fishing and farming communities (Viswanathan and Genio 2001) , social exclusion, social unrest and conflicts (Viswanathan and Genio 2001) , conflicts with tourism, recreational and commercial fishing (Bodiguel and Rey-Valette 2006) , disruption of seafood prices, local food supplies and food security (Dey et al. 2005; Wagner and Young 2009) .
In these critiques, the fact that the great bulk of aquaculture production occurs in small and medium-sized farms, often farmer owned/rented and managed, particularly in Asia where 92% of global aquaculture production occurs, has almost always been neglected (Tacon et al. 2010) . As a matter of fact, these critiques tend to equate all aquaculture development to shrimp and marine fish (mostly salmonid) farming ventures (De Silva and Davy 2009) .
While most of the issues and impacts listed above are site and farm specific, considerable effort has recently been made, focused on the development of best management practices (BMPs), Codes of Conduct and aquaculture certification programs so as to show adherence to more environmentally responsible or sustainable farming practices (Allsopp et al. 2008; Boyd et al. 2005 Boyd et al. , 2008 WWF 2007; Umesh et al. 2009; Belton et al. 2009 ). To date it has been largely industry through organizations and consortia, and non-government organizations that have taken the lead (World Bank 2007) .
While this is certainly a step in the right direction, these codes and certification programs have usually focused only on the production level and as such have usually ignored the wider ecosystem, social and economical issues and are mainly the result of a "top down" process in which stake holders are poorly involved (Costa-Pierce 2002; Rey-Valette et al. 2008) .
But the implementation of sustainable development presupposes the definition of a new value system and a new reference framework. These changes must first be discussed and negotiated between actors for them to be appropriated and put into practice. This deliberation process presupposes that actors' -both producers' and stakeholders' -representations of aquaculture have been understood (Jodelet 1989) . It is therefore necessary to include a significant group of stakeholders for the implementation of sustainable development. This reinforces the current diversity of representations and requires taking into account the collective aspects of processes. Moreover, the taking into account of sustainable development should be an opportunity for the aquaculture sector to broaden its scale of analysis and to consider interactions with the territories where aquaculture farms are established.
Our main hypothesis is that, prior to any analysis, adapted typologies must be established that allow the inclusion of a wider diversity of determinant factors, in particular the types of interactions with, and impacts on, the territories and the levels and systems of governance which determine the effective implementation of new practices.
In line with this, the objective of this article is to identify a group of determinant variables concerning the sustainability of these systems, starting from the analysis of aquaculture systems which are very different from geographical, technical and social viewpoints. This work has been developed in relation to the interdisciplinary EVAD ("Evaluation of aquaculture systems sustainability") project whose purpose is to implement a generic construction procedure for aquaculture sustainable development indicators .
We first outline the main typologies as found in the literature. These show an evolution from technical approaches towards the integration of social factors. Then, we briefly describe the five sites under study which were selected so as to take into account a large and representative diversity of aquaculture systems. Then, we present the method for constructing a meta-typology including several typology construction logics. Finally, we present the results of the typologies and of the representations fish farmers have of their activity and of sustainable development. In the very last section, we discuss the interest of the presented approach.
Typology uses: from structural to functional and systemic typology
Aquaculture systems can be characterized by a great number of variables which can then be used for determining multiple typologies of differing utilities according to the questions to be answered and to the actors expressing these questions. The literature offers many examples of classifications and comparative analyses of aquaculture systems, which range from a simple descriptive list to complex typologies based on a significant sampling campaign and which have undergone a detailed statistical analysis.
Typology evolution
The most traditional (and oldest) classifications are based on agronomic criteria such as the type of production (fry, fish food, ornamental fish, etc.) or fish farming structure (cages, enclosed areas, ponds, etc.), on the size of the farms and on the intensification degree of the different production factors (extensive or intensive property, labour or input). Production volume and purpose criteria are used for distinguishing selfsubsistence fish farming from commercial or industrial fish farming. Based on predominantly "agro-economic" criteria (fish farming techniques and systems, production volumes and purpose, economic management of farms), Lazard et al. (1991) provide a classification for the different types of fish farming practices employed in sub-Saharan Africa. This classification is organized around four categories: self-sufficiency, "small" market oriented production, specialized-type fish farming and large-scale fish farming. Social and economic criteria have then been included progressively, such as property access conditions (ownership, tenant farming, share-crop system) as well as fish farmer characteristics (age, education, origin, gender, etc.) . Property access conditions in relation to fish farming have been analyzed for example by Hejdova (2006) in an anthropological study conducted in the province of Pampanga in the Philippines. The author proposes a classification for shrimp farming systems based on the organization of social networks (favoured agreements, economic, moral relationships, etc.). An increasing number of diversified criteria are progressively integrated in typologies, which combine social, economic and technical factors. For example, this is the case for the typology developed by Pemsl et al. (2006) which aims to characterize aquaculture systems in Bangladesh and of identifying high potential areas. Three categories were defined: intensive systems, semi-intensive systems and improved extensive systems. However, most of the typologies which are available in the aquaculture field (mostly in the case of the oldest typologies such as the FAO typology for many countries and areas in the World) have been constructed based on scientific expertise without any previous sampling. This is the case for the typology developed by Yap (1999) which provides a classification for rural aquaculture in the Philippines based on the types of species (miscellaneous, seaweed, shellfish and fish) and farming systems. However, in order to provide a rigorous analysis, the diversification of selected criteria requires using sampling protocols ensuring the representativeness of the analyses. Thus, in 2002, the carp farming typology in Asia proposed by Michielsens et al. was based on a sampling campaign carried out in around 2500 farms from 9 countries and on a multifactor statistical analysis (main components, clusters).
Typology uses and functionality
It is possible to use typologies for producing summary information at different scales and according to various modalities which will facilitate sector management decision-making. Typologies may have a programmatic function comparable to that of the World Bank (2007) whose purpose is to identify constraints and conditions for promoting sustainable aquaculture in the developing countries of Africa and South America, based on a simple aquaculture system classification and associated entrepreneurial models. The aim is to improve the efficiency of public policies by defining sub-groups of different target populations. In other cases, typologies are a prerequisite for improving knowledge of aquaculture production systems. Thus, the typology of extensive aquaculture in coastal pond systems in the Philippines defined by Stevenson et al. (2007) is an intermediate result enabling the study of the cost efficiency of production factors within the different types of systems described. This is also the case for the fish farm typologies determined by Irz et al. (2004 and , still in the Philippines, which are used for understanding the vulnerability of actor communities regarding poverty.
As regards sustainable development, it is possible to assume that structure criteria for aquaculture systems are not sufficient for identifying the types of fish farms which are the most compatible with sustainable development principles. In fact and as shown in this paper, structural criteria often refer to farm size but completely ignore the functional components of farms. These turn out to be a key factor for the implementation of sustainable development initiatives and for actor appropriation of such initiatives, the latter requiring that they be consistent with actor practices. In particular, taking into account regulatory systems (governance) enables the definition of a new approach. Analyzing the characteristics of these systems as regards sustainable development notably involves ignoring these major categories and proposing a functional typology for aquaculture systems based on factors related to production systems, fish farming, regulatory systems and their regional integration so as to study the internal sustainability of aquaculture farms and their contribution to the areas which they use. It is very important to identify the types of systems that are most likely to implement sustainable development, which itself implies actor participation in the joint building of a new common reference framework. In order to establish typologies based on a wide variety of contexts, six sites were selected, which were deliberately chosen to be very different from one another. This contrasted character, whose aim is to ensure the reliability of our approach, represents a methodological issue related to the characterization of this diversity.
Site selection drivers
Study systems were selected according to a structural matrix including three criteria which cross-check the main factors employed for characterizing aquaculture systems (Table 1) . The first selected criterion is the type of environment, rural aquaculture systems being different from maritime aquaculture systems. The regional insertion of rural systems must be analyzed at the watershed scale with significant interactions with agriculture. The second type of system, which is located on the coast or in the open sea, is faced with major property conflicts, such as with tourism, at the ecosystem scale whose limits are diffuse. Constraint levels which are set by regulatory systems have then been taken into account. They are defined by institutional documents as well as by the diversity of appropriation procedures applied in aquaculture. This includes public, common and private areas which lead to various leasing organizations and procedures in multiple use contexts. These generate externalities and even use conflicts. These different regulatory procedures and levels often cover divisions existing between developed and developing countries due to the maturity and typology differences existing between regulatory systems, and to the different sensitivity levels of consumers and agents when taking into account the issues and conflicts related to economic growth and environmental protection objectives. Lastly, the intensification levels of production systems have also had an impact and can be briefly summarized by stocking densities expressed as biomass per unit structure volume (raceway, pond, and cage).
Brief summary of sites under study

Rainbow trout farming in Brittany (France)
Rainbow trout farming is an intensive farming system based on a high input level and on an increased stocking rate.
At present, in Brittany, the number of trout farms is decreasing, farms are being concentrated and the overall production is being reduced due to numerous constraints: environmental constraints, social constraints (farming activity acceptance, product image, etc.), regulatory and economic constraints (input cost variation, competition with salmon, etc.).
Mediterranean sea bass and sea bream farming
In order to satisfy a strong demand (tourists and indigenous population), the production of aquaculture fish (mainly sea bass and sea bream) started in 1980 and increased by 25% each year between 1990 and 2000 (the current production is estimated at 200 000 tonnes per year).
Current production systems (consisting of sea-based cages or land-based raceways) are in conflict with tourism and other models will have to be developed (Rey-Valette et al. 2007 ). Due to recent crises, aquaculture activity has become concentrated as fish farms have been bought by major groups.
Fish and shrimp farming in coastal ponds in the Philippines
Fish farming plays a major role in the economy of the Philippines and coastal ponds, consisting essentially of extensive shrimp-fish polyculture, represent around 60% of the overall aquaculture production. Observing the development dynamics of Philippine aquaculture systems underlines the significant flexibility of extensive systems compared to the economic fragility of intensive fish farms when markets are saturated.
Small scale fish farming in Indonesia
In Indonesia, although freshwater fish farming is generally a small-scale activity, it nevertheless represents one of the highest yearly production rates in the world. Fish farming production systems with high input rates have rapidly developed locally over the last ten years: catfish in ponds in the Centre of Sumatra (Tangkit, Jambi province) and carps and tilapia in floating cages in the Cirata dam reservoir (West Java).
Commercial fish farming in Family Agricultural Enterprises (EFA) in Western Cameroon
Despite an increasing demand for fish, the history of fish farming in Cameroon (and more largely in Sub-Saharan Africa) remains characterized by a marginal production which is most likely due to the fact that their farming systems are not sufficiently efficient from technical and socioeconomic points of view. The high plateaux in the Western region, which are characterized by a very dynamic diversification of agricultural production systems, represent one of the areas in Cameroon where the greatest number of fish ponds have been constructed with numerous fish farming innovations involving an input intensification.
Methodological approach: material and method
General principles
Before analysing the conditions underlying the implementation of sustainable development, two further types of investigation are necessary combining quantitative surveys to establish typologies and qualitative ones to analyze representations and perceptions. The latter are frequently used to adapt public policies to actors' requirements and context specificity. This type of association is frequent (Couty 1984; Kaplowitz 2000) and beneficial as quantitative and qualitative approaches complement each other. Questionnaires were adapted to the type of survey with a majority of closed questions when dealing with the farm survey and on the contrary open questions in the sociological survey on representations.
Firstly, in-depth surveys were carried out in farms using a common questionnaire for all sites. These surveys explored several themes 1) farm structure 2) farming practices (technique, labour) 3) marketing approaches 4) access to technology and information 5) management systems and rules 6) encountered conflicts and constraints. All stakeholders were then surveyed on representations of aquaculture and of sustainable development, essentially using open questions and interview guides adapted to each type of actor: producers, value chain actors (upstream and downstream), institutional actors (State, local authorities, research, associations). Open questions left the interviewee complete freedom in their answers. However, they were followed by semi-open questions which suggested choices within a range of categories. The idea was to address sustainable development, which is a broad concept that does not necessarily make sense for actors, in particular in isolated rural systems of developing countries or when actors have an institutional or political definition of sustainable development in mind with no link to their daily practices. The interviews were therefore structured in such a way as first to address the definitions and the possible consequences for the activity according to each dimension (environmental, economic, social and institutional) whilst keeping in mind that this dimensional approach is in itself a way to standardise the reference to sustainable development. As appropriate, questionnaires were translated into English or into the local language and validated by local partner researchers.
Onsite surveys
The sampling strategy was developed on the basis of an expert-opinion typology of the main types of aquaculture farm found in each area, so that the heterogeneity of size and of the sector's organisational mode could be addressed. The number of different types of farm was found to be inversely proportional to the unit staffing level. This led to fewer sampling strata in systems with the highest staff levels, that is for the two sites in Indonesia and the Philippines. The number of surveys per stratum was then calculated taking into account the fact that 1) these were frame surveys requiring prolonged interviews 2) human and financial resources to carry out the surveys were limited. Sociological surveys on representations were undertaken on all stakeholders (i.e. 168 persons for all the areas) and on a sample of producers (36 in total) who had already been the subject of a quantitative survey and were chosen as the most representative of the various groups. Tables 2 and 3 show the number of surveys carried out for the two types of survey in each site.
Data processing
These two survey methods also led to differences in the way data were analyzed: traditional statistical analysis for the farm survey and content analysis for the representation surveys. Quantitative surveys were analyzed both by area and for the areas as a whole using a common database which includes the main structuring variables (Table 4 ). The coding was harmonized to make global analysis possible for all the areas as a whole. Typologies were developed from multiple correspondence analyses carried out from this common basis. Several iterations were required to characterize aquaculture systems in terms of fish farm sustainability and contribution to regional sustainability. Table 5 summarizes the statistical characteristics of the three analyses carried out successively to develop the structural, functional and systemic typologies. As regards the qualitative survey, following the textual analysis, a matrix of coded answers was established to calculate frequency indices and carry out statistical analysis in order to characterize representation categories.
Results
A series of nested typologies to overcome the developed/developing country cleavage
Local typology comparison for each site
Firstly, fish farm typologies were determined independently for each site (Table 6 ). Common factors were identified for the first three variables involved in typologies by comparing the discriminating factors within each of the sites:
• the type of capital (external or family-related) or exploitation arrangements (ownership or lease) which represents the first explanatory factor (except for Cameroon);
• the marketing approach which, for certain categories, means that the sector is integrated in the industry (or commodity chain); • the size of farms under assessment according to volumes and/or production capacities.
Site-specific factors were only observed for variables ranked in fourth position.
Systemic typology at the scale of the six sites
Ninety common variables were identified in the database (Table 4 ) and 25 discriminating variables were initially selected (10 variables which are homogeneous within the sites and discriminating from one site to another and 15 variables which are discriminating within each site and from one site to another). All of these variables were processed (multiple component analysis), the result being that sites were divided among developed countries and developing countries. In order to avoid this obvious cleavage, variables were separated into two groups according to whether they were structural or functional. The aim was to determine more specific typologies and to enable inter-site associations based on smaller groups of variables and thus to carry out a progressive selection of the most discriminating variables. Three classes were finally obtained.
• A structural class with four variables (installation date, capacity produced, number of products and marketing approach); it highlights the significance of the size, the marketing approach and product diversification. Three types emerged: 1) small size, weakly diversified with retail sale and personal consumption (Cameroon and Indonesia), 2) medium and large size with a large range of products and wholesale marketing (Philippines and Indonesia), and 3) medium and large size with diversified products and markets (Mediterranean region and Brittany).
• A functional class with five variables (type of farm, number of associations or cooperatives, access mode to this activity, innovation pace, formal constraint level i.e. propertyrelated, access to water or right to produce). This farmlevel functional typology highlights the significance of the type of farming as well as their status in terms of management. Four types emerged: 1) traditional tenant farming (Philippines), 2) independent traditional (Indonesia and Cameroon), 3) independent developing (Mediterranean and Brittany), and 4) integrated developing (Mediterranean and Brittany).
• And lastly, a systemic class (Table 7) combining the most structuring 4 variables from both previous classes (time percentage in aquaculture, type of farm, production capacity and marketing approach). There were also divided into four types of units: multi-activity food-producing farms, independent small production farms, medium-sized production farms and wholesale marketing, integrated "industrial" farms.
Each of these three typologies offers classifications that go beyond the differences related to the sites and show the importance of the farm size and of some functional factors such as marketing methods, property arrangements and degree of control.
Activity and sustainable development representations according to the types of aquaculture systems
It should be recalled that representation surveys concerned how actors viewed (i) their current activity and the aquaculture sector, (ii) sustainable development and (iii) the means to be implemented in order to develop a sustainable aquaculture industry. By combining the entirely open questions and choices between predetermined options, analyses were performed based on textual studies and quantitative processing of coded questions. The analysis presented in this paper is restricted to fish farmers' representations. These surveys (concerning 36 producers - Table 3 ) were carried out according to the type of aquaculture system so as to identify representation differences according to the classification.
Except for small farms which are highly integrated in their areas and favour the social and environmental functions of the activity, converging representations are noted for 60% of fish farmers regarding the significance of the economic functions of the activity. Fish farming is considered as a profitable activity which favours economic development. The main characteristics of the representations according to aquaculture system typology are summarized in Table 8 .
As regards the sustainability of fish farms and the actual definition of sustainable development, views varied according to the types of farm (Table 9) . Perceptions varied mainly due to a lack of information on sustainable development and on its implementation. There was a relatively high non response rate for sustainable development questions (60.5% on average). Despite the difficulty for fish farmers to formulate a sustainable development representation, they however understood relatively well the factors which could contribute to the sustainability of their activity.
Discussion
This typology was determined based on the following question: which aquaculture production systems can react positively to the implementation of a sustainable development approach? As sustainable development is a complex and multidimensional phenomenon, structural criteria are not sufficient to express this diversity. Building several nested typologies from a broad range of variables is a way to go beyond traditional oppositions for example between developed and developing countries, or covering technical aspects linked to farming practice. Our systemic typology reveals four broad types of units (multi-activity food-producing farms, independent small production farms, medium-sized production farms and wholesale marketing, integrated "industrial" farms). These categories attest to the various economic strategies depending on market size and type which determine the insertion into the territory of the types of stakeholder with whom the units are connected. Property arrangements are also significant as they introduce and local marketing 1 Small < 100 t with socially integrated property owners, independent marketing and diversified products and networks (including direct selling and niche market) 1 Small 2−15 ha properties owned by the farmer and mostly involving multiactivities
Cameroon 1 Old type ("ancestral")
Very small activity which represents 30% of the time devoted to farming. 70% of the production is not for commercial use (gifts and self-sufficiency). No feed input 1 Small (4 to 40 cages) family farms with no permanent employees, fish farmers own the cages (on the border of the lake where water quality is less good), no marketing activity 2 Large (> 500 t or 1 ha) family capital (one or several sites), farms transmitted in families through generations, diversified markets including exports (mass market logic) 2 Large >200 t with socially integrated property owners, independent marketing and diversified products and networks (including direct selling and niche market) 
4
Medium 15−100 ha -often also a consignee who owns a large part of the fish farm 2 Medium, activity which represents more than 50% of the time devoted to farming, 3 to 10 ponds of around 500 m²; 90% of the production is for a commercial purpose, by-product recycling and significant external feed purchasing Indonesia 2
Ponds (Tangkit village)
Small family fish farms (from 2 to 43 ponds), owned by fish farmers, generally members of a fish farmers' group, agricultural multi-activity 5 Large > 100 ha -often also a consignee who owns a large part of the fish farm 3 Large, specialized aquaculture with systematic product selling, 27 ponds of around 1000 m²; exclusively extruded food (upstream integration ) Table 7 . Aquaculture system systemic typology.
Multi-activity food-Independent small Medium-sized production Integrated producing farms production farms farms and wholesale "industrial" farms 'marketing 1. Small production 1. Independent type 1. Multi-activity food-I n dependent small Medium-sized Integrated "industrial" producing farms production farms production farms and farms wholesale marketing Aquaculture satisfies basic needs and contributes to landscape maintenance. It has an identity and social function (gift). Aquaculture is considered as an economically vulnerable industry which must be supported (research or government).
Economic functions, profitability and growth are favoured. Its food-producing as well as prestige, fun and leisure functions are recognized. This activity is considered as to have no environmental impact. This activity is analyzed based on its impacts on global economic development and on employment. Environmental impacts are taken into account and are only considered as negative by some producers. Needs for technological improvement are identified.
Social functions are not mentioned and environmental impacts are considered as neutral. It is a profitable activity generating employment. Its production is increasing and is moving towards an industrial scale.
Vision focused on the farm and its direct environment.
Vision focused on the farm which provides a positive correlation with economic development.
More global vision in which territorial interactions are best understood Table 9 . Summary of sustainable development (SD) representations according to the type of aquaculture system.
Multi-activity food-
I n dependent small Medium-sized Integrated "industrial" producing farms production farms production farms and farms wholesale marketing Very little knowledge of SD. The only type of system in which SD information is not circulated in the professional field but only known by media. Sustainability is expressed through reinforcing the economic pillar by maintaining a sufficient AV level and by the profitability of the activity.
SD culture viewed as a global equilibrium. The sustainability of the activity is related to the preservation and creation of employment, to inter-and intraactivity/use coherence, to AV preservation and to profitability, to the compatibility of fish farming and the environment, and to environmental impact control.
Knowledge of SD mainly comes from the professional field but also from media and public authorities. They have very an operational perception of SD which is defined as using good production and management practices, with a very market-centred logic. This shows a more commercial perception of economic sustainability: preserving and increasing the value of a finished product, developing exports and sales force. At a social level, this involves improving the image and promoting the profession which is underlined as well as preserving employment. As regards environmental sustainability, type 3 farms show that they are dependent on water (quality and availability); type 4 farms have a rather functional perception: environmental sustainability is based on environmental impact control. This is the only type which underlines the need for fish farmer training. differences in the level of producer responsibility. This typology is useful because it highlights the factors which determine the units' implementation strategies for sustainable development. However it should be noted that certain "functional" or "technical" variables are correlated with these broad categories of aquaculture system. For instance, the first summary typology group represents farms in which labour essentially consists of the family. These are also farms in which the level of financial availability leads to limited, or even non-existent, technical changes and low production expenditures which are often restricted to feed supplies. On the other hand, these farms are strongly integrated into the local economy as they contribute to landscape maintenance, even increase the value of certain ecosystems (wetlands), and they are greatly involved in local social networks.
AV: added value
It must be emphasized that the regulatory systems that determine governance arrangements do not appear in this classification even though they determine the way actions towards sustainable development are carried out. However, the data relating to these variables were collected during surveys and the most significant ones were integrated into the systemic typologies. Nevertheless, the variables from this institutional component were not discriminating variables for the global classification. These variables only appear in the functional typology at the formal constraint level, in particular in relation to site access which is often a highly regulated element. The fact that a specific classification covering all the characteristics of institutional systems, including three components: the decisionmaking system, the implementation mechanism(s) and the information system, has been developed in parallel should be highlighted. This analysis makes it possible to characterize aquaculture systems according to an ascending regulatory gradient, depending on the more or less formal nature of regulations and on the dynamism of professional bodies together with the level of regulatory constraint and the frequency of controls. Four types can be observed (Table 10) : Unregulated systems (58%), Regulated systems (in an informal manner (10%)), Regulated systems (in a formal manner (16%)) and Strong formal regulation (16%) . Similarly, in order to compare institutional effectiveness of global seafood consumption across countries, Smith et al. (2010) used an average of four governance indicators developed for the World Bank as a proxy.
Moreover, these results are not far from the types of representation that actors have of their activity and of sustainable development. We have assumed that if fish farmers' representation of sustainable development is close to the representation that they have of their activity and their role in the local economy, then the chances of implementing sustainable development are higher. Representations were compared with the aim of constructing a comparative matrix (Table 11 ) of the views of each fish farmer regarding his impact on the different aspects of the aquaculture activity and on the factors which he highlights as important in implementing the sustainable development of the activity. This matrix validates the typology results by showing that the groups identified make sense for the actors. These latter understand sustainable development according to the nature of the interactions with the ecological and economic environment. It must also be noted that two extreme categories (multi-activity food-producing farms and integrated "industrial" farms) are those where sustainable development is the most appropriated, either because the units' characteristics entail a strong integration with the ecological, economic and social environment (multi-activity, food-producing farms) or because it is a strategic element in farm management through pro-active strategies (integrated "industrial" farms) in particular as the development of new organic practices is a major issue for these farms.
Conclusion
The results show that the approach presented is genuinely innovative, both in the broad range of variables taken into account to define aquaculture systems and in the fact that this approach correlates these variables with actors' representations. This method is based on successively ranking discriminating variables and on the significance of non response rates recorded in survey results regarding institutional variables which are less familiar for the fish farmers surveyed. Statistical tools (e.g. Multiple Correspondence Analysis) were combined with comprehensive analysis and we proceeded in stages in order to select the most relevant and/or discriminating variables. This approach made it possible to build on the knowledge acquired by researchers and "experts" about the way in which aquaculture farms and production zones operate. The principal result of this analysis is to show that the size and as a consequence the nature of unit management (in particular property arrangements and sales circuits) are the determinant factors for unit types and the ways in which they represent sustainable development. It is essential that these factors and these differences are taken into account in the definition of public policies promoting sustainable aquaculture, in particular to allow for the definition of specific conditions according to the four large categories of aquaculture system identified: multiactivity food producing farms, independent small production farms, medium-sized production farms and wholesale marketing, integrated "industrial" farms. Another innovative element of the approach is to take into account aquaculture's contribution to the sustainability of the areas where it is established. The results show that this approach accords with the way actors perceive the relationships with the ecological and social environment of the activity and that it covers all the identified types of aquaculture. This approach requires, both sectorally and regionally, an integrated approach to aquaculture, which, for example, must also be considered in terms of the services rendered to the areas where the aquaculture systems are established and in terms of the acceptability and the social recognition of the value placed on these services by society, and then by fish farmers. Thus, the integration of ecosystems is considered as both a resource and a natural asset allowing the production of ecological and economic services for society, whose interactions with aquaculture farming systems must be addressed through ecosystem approaches (UICN et al. 2004; Millennium Ecosystem Assessment 2005; FAO 2008b ).
